Background and Aims: Alcohol abuse and nonalcoholic fatty liver disease (NAFLD) are common causes of liver disease. Diabetes mellitus (DM) is a common comorbidity among NAFLD patients. We performed this study with the specific aim to examine the impact of DM on progression of alcoholic liver disease (ALD) liver and NAFLD. Methods: Medical charts of 480 patients with ALD or NAFLD (2004 managed at a tertiary center were retrospectively reviewed. NAFLD was diagnosed based on exclusion of other causes of liver disease and alcohol use of ,10 g/d. ALD was diagnosed based on alcohol use of .40 g/d in women or .60 g/d in men for .5 years. Results: Of 480 patients (307 NAFLD), 200 diabetics differed from nondiabetics for: age (52±11 vs. 49±11 years; p50.004); male gender (48% vs. 57%; p50.03); metabolic syndrome (49% vs. 30%; p50.0002); NAFLD (80% vs. 56%; p,0.0001); cirrhosis (70% vs. 59%; p50.005); and hepatocellular carcinoma (HCC; 8% vs. 3%; p50.009). Over a 3 year median follow-up period, diabetics relative to nondiabetics had a higher probability to develop cirrhosis (60% vs. 41%; p50.022) and HCC (27% vs. 10%; p50.045). There was a trend for increased development of hepatic encephalopathy in diabetics compared to nondiabetics (55% vs. 39%; p50.053), and there was no difference between the two groups in survival or other liver disease complications. Conclusions: DM increased risk for cirrhosis and HCC among patients with ALD and NAFLD. Prospective studies with longer follow-up periods are needed to examine the impact of DM on survival and the role of aggressive HCC screening in diabetic cirrhotics.
Introduction
Alcohol abuse and nonalcoholic fatty liver disease (NAFLD) are the most common causes of liver cirrhosis and indications for liver transplantation in the US, following chronic hepatitis C virus infection. 1 Although alcoholic liver disease (ALD) and NAFLD exhibit different phenotypes and risk factors, they share similar pathogenic mechanisms and histological findings of steatohepatitis. 2 The histological spectrum may range from simple steatosis to more advanced disease, including steatohepatitis, fibrosis, cirrhosis, or hepatocellular carcinoma (HCC).
There is an epidemic of obesity in the US, and the frequency of liver disease and liver transplantation due to steatohepatitis in NAFLD (NASH) has been increasing over the last two decades. Prevalence of NASH is currently reported to be as high as 17% among patients with NAFLD. [3] [4] [5] It is estimated that 8% of the US population has diabetes mellitus (DM), and it is the seventh leading cause of death in the US. 6 Furthermore, the prevalence of DM is reported to be higher among patients with liver disease secondary to NAFLD relative to other etiologies of liver disease. 7, 8 Many studies have reported DM to be a risk factor in patients with ALD and NAFLD for the development of fibrosis, accelerated fibrosis progression, and liver disease related mortality. [9] [10] [11] [12] [13] [14] [15] [16] Multiple cohort and case-control studies have also shown an association between diabetes and HCC. [17] [18] [19] [20] [21] [22] [23] However, data remain relatively scant on the link between diabetes and progression to cirrhosis and development of associated complications. Here, we explored this association in a cohort of patients with ALD and NAFLD.
Material and methods

Study population
Patients evaluated at a single tertiary referral center between January 2004 and December 2011 diagnosed with ALD (ICD-09 codes 571.0 and 571.3), alcoholic cirrhosis of the liver (571.2), cirrhosis of the liver without alcohol (571.5), or other chronic NAFLD including steatosis (571.8) formed the study population. Patients were excluded from the analysis if details regarding alcohol use were unavailable or if alcohol consumption was .10 g/d in patients diagnosed with NALFD ( Fig. 1) .
Definitions
ALD
Defined based on the following criteria: 1) presence of liver disease as determined by clinical evaluation along with laboratory work-up, imaging assessment, or liver biopsy findings; 2) exclusion of other causes of liver disease; and 3) a history of excessive alcohol use (.40 g/d in women or .60 g/d in men for .5 years).
NAFLD
Defined based on the following criteria: 1) demonstration of hepatic steatosis by imaging or biopsy; 2) exclusion of significant alcohol consumption (.10 g/d); and 3) exclusion of other causes of hepatic steatosis. There was considerable variation across different studies for the amount of alcohol consumption used to define NAFLD, and some studies did not take into account gender differences in alcohol use. 3 Therefore, we used the safest and lowest amount of alcohol use (,10 g/d) to define NAFLD in our study cohort.
Steatohepatitis
This is a histological diagnosis based on the presence of steatosis and inflammation (lobular inflammation and hepatocyte ballooning). NAFLD activity score (NAS) was determined on each biopsy as the underweighted sum of the scores for steatosis: grades 0-3 as proportion of hepatocytes containing fat vacuoles with ,5%, 5-33%, 33-66%, and .66% hepatocytes, respectively; lobular inflammation: grades 0-3 as inflammation foci per 200 6 field with absent, ,2 foci, 2-4 foci, and .4 foci, respectively; and cytological ballooning: grades 0-2 qualitatively as number of ballooned cells with none, few, and many cells, respectively. 24 Due to the lack of a scoring system to grade steatohepatitis in ALD patients and in order to keep homogeneity for diagnosis of steatohepatitis, we used the same definition of NAS, four or more to define steatohepatitis in the ALD group. Diagnosis of steatohepatitis was made on biopsies in ALD and NAFLD patients with an NAS of 3 or more.
Alcohol use
Grams per day derived from the average number of drinks consumed per day. One drink was equal to 12 ounces of beer, 5 ounces of wine, or 1.25 ounces of hard liquor, each representing 15 g of pure alcohol.
Diabetes
Based on the following criteria: 1) formal diagnosis listed in the medical chart; and/or 2) receiving specific antidiabetic medications; and/or 3) documented hemoglobin A1c of 6.5% or above. 25 
Metabolic syndrome
Defined as the presence of three or more of the following: hyperglycemia (taking medications for previously diagnosed type 2 diabetes or fasting blood sugar level §100 mg/dL), hypertension (taking medications for previously diagnosed hypertension or blood pressure §130/85 mmHg), obesity (body mass index (BMI) §30), reduced high density lipoprotein level (,50 mg/dL in females and ,40 mg/dL in males), and/or elevated triglyceride level ( §150 mg/dL). [26] [27] [28] Cirrhosis Diagnosed by clinical/imaging criteria and/or biopsy when available.
HCC
Diagnosed based on American Association for Study of Liver Diseases guidelines and criteria incorporating computed tomography (CT) and magnetic resonance imaging (MRI) scans and/or biopsy when available. 29 
Data collection
Our center utilized a searchable electronic medical record that collects information on patient demographic, clinic notes, notes from hospitalizations (history and physicals, progress notes, and discharge summaries), vital signs, reports from radiologic imaging studies, laboratory data, and pathology reports. The referral center had utilized this system to store information since 2000.
Using the medical record number as a unique identifier, patient charts were reviewed for data collection on patient demographics (age, gender and race); BMI; dates of onset of symptoms and of diagnosis; components of metabolic syndrome (diabetes, hypertension, dyslipidemia, and obesity); alcohol intake in g/d; and presentation with cirrhosis and/or associated complications (ascites, variceal bleeding, hepatic encephalopathy, and HCC). Results of laboratory, imaging, upper gastrointestinal endoscopy, and liver biopsy details were also recorded. Charlson comorbidity index (CCI) was obtained for each patient using the information on defined comorbidities. 30, 31 For patients with available liver biopsy information, data were collected for steatosis, lobular inflammation, and hepatocyte ballooning. Data were also collected for fibrosis stage: 0-4 as no fibrosis, portal fibrosis, periportal fibrosis, bridging fibrosis, and cirrhosis, respectively.
32,33
Data on prospective follow-up of patients from the time of their first contact at our center was collected retrospectively. Development of cirrhosis was evaluated among patients without diagnosis of cirrhosis at or within the first 6 months of presentation. Development of liver disease complications (ascites, hepatic encephalopathy, variceal hemorrhage, and HCC) was assessed among cirrhotics who did not have these complications at or within 1 month of their presentation. Patient survival status was recorded from the chart review and confirmed with the National Death Registry. Time to development of cirrhosis, liver disease complications, and death was calculated from dates of event occurrence and disease onset. Patients lost to follow-up and those without the event at the time of their last follow-up were censored. Medical charts of these patients were reviewed to identify patients meeting criteria for diagnosis of ALD and NAFLD, as previously detailed in the section on definitions.
Statistical analyses
Patients with and without DM were compared for demographics; components of metabolic syndrome; CCI; presentation with cirrhosis and/or associated complications; laboratory data; and findings on endoscopy, imaging, and liver biopsy. Chi-square and student's t tests were utilized for categorical and continuous variables, respectively. Logistic regression models were built to examine predictors of cirrhosis and HCC development. Variables different between the two groups and other clinically relevant ones were entered into the model. Results are reported as odds ratio (OR) with 95% confidence interval (CI). Kaplan Meier curves were generated to compare diabetics and nondiabetics for development of cirrhosis, complications of liver disease, and patient survival. Log rank test was used for statistical significance. All statistical analyses were performed using the Statistical Analyses Software (SAS Institute, USA), and p,0.05 was considered statistically significant. The study was approved by the Institutional Review Board at our center.
Results
Study population
Of 607 patients in the database (401 with diagnosed NAFLD), 108 were excluded from analysis (67 NAFLD) because details were missing regarding alcohol use. A total of 19 NAFLD patients were excluded due to reported alcohol use of .10 g/d and did not meet our criteria for NAFLD diagnosis. Of the remaining 480 patients (315 NAFLD), 200 (160 NAFLD) met the criteria for diagnosis of diabetes (Fig. 1) .
Baseline characteristics
Diabetics relative to nondiabetics were older in age, predominantly female in gender, had metabolic syndrome, and had NAFLD as the underlying etiology (Table 1) . About 90% of patients were Caucasian, consistent with the patient population at our center. Diabetics had a higher BMI (35±8 vs. 31±10; p,0.0001) and were more likely to have hypertension (69% vs. 48%; p,0.0001) than nondiabetics. Triglyceride levels were similar and lower density lipoprotein levels were lower among diabetics than nondiabetics (153±136 vs. 139±111 mg/dL; p50.3 and 98±36 vs. 111±53 mg/dL; p50.02, respectively). Diabetics had a higher CCI, after excluding the impact of liver disease and diabetes, than nondiabetics (Table 1 ). In total, 305 (64%) patients had cirrhosis on initial evaluation, and this percentage was higher in diabetics (Table 1) . A total of 128, 40, and 33 patients had ascites, encephalopathy, and variceal bleeding, respectively, at presentation, and there were no differences between diabetics and nondiabetics. Twenty-four patients had HCC at presentation, with a higher proportion in diabetic patients (Table 1) . There was over a 3-fold risk for cirrhosis and/or HCC in diabetics at the time of clinical presentation ( Table 2 ). Other significant predictors of cirrhosis and HCC were age, male gender, and the ratio of aspartate aminotransferase (AST) to alanine aminotransferase (ALT) levels ( Table 2 ). Other variables included in the model were race/ethnicity, CCI, and etiology of liver disease (NAFLD or ALD).
Diabetics compared to nondiabetics had lower alanine ALT and aspartate AST levels (Table 1) . However, the AST/ALT ratio was similar (1.4±1.1 vs. 1.5±0.9; p50.23) between the two groups. About 15% of patients were positive for autoimmune markers, and there was no difference between those with and without diabetes (16% vs. 15%; p50.45). Serum albumin levels were similar between the two groups as (Table 1) . On upper gastrointestinal endoscopy, there were no differences in the presence and severity of portal hypertensive gastropathy or esophageal varices between diabetics and non-diabetics (Table 1) .
Histological findings
Liver biopsy details on histological findings were available in 162 patients (80 with DM; Fig. 2 ). When comparing diabetics and nondiabetics, there were no differences in steatosis in .33% of hepatocytes (49% vs. 49%; p50.99), lobular inflammation (72% vs. 70%; p50.78), and hepatocyte ballooning (52% vs 45%; p50.34). NAFLD activity score was also similar between the two groups (3.6±1.7 vs. 3.4±1.5; p50.61). Steatohepatitis (NAFLD activity score of 4 or more) was present in 44 (27%) cases, and 20 of these were diabetic and only two had ALD. About 55% patients had bridging fibrosis or cirrhosis, and there were no differences between those with or without DM (60% vs. 51%; p50.26). ALD patients were more likely than NAFLD patients to have cirrhosis at the time of first contact (46% vs. 12%, p,0.0001). Among NAFLD patients with diabetes, there was Fig. 2 . Histologic findings in liver biopsies among patients with alcoholic liver disease (ALD) or nonalcoholic fatty liver disease (NAFLD) and with or without diabetes. Fig. 3 . Cumulative probability of developing cirrhosis in diabetics and nondiabetics in patients with alcoholic liver or non-alcoholic fatty liver diseases. The probability of developing cirrhosis is higher among diabetics.
an increased tendency to have cirrhosis, as determined by biopsy, than nondiabetics (5 of 56 vs. 1 of 49, p50.21). The frequency of cirrhosis at first contact based on clinical and/or histological diagnosis of cirrhosis was also higher in diabetics than nondiabetics (51 of 160 vs. 24 of 155, p50.009).
Impact of diabetes on progression of liver disease
Development of cirrhosis and HCC
Over a median follow-up period of 6 months among 156 patients (55 with DM) without cirrhosis, a higher proportion of diabetics relative to nondiabetics developed cirrhosis (43% vs. 27%, respectively), with a higher cumulative probability of developing cirrhosis (60% vs. 41%, respectively; log rank p50.022, Fig. 3) . Similarly, over a median follow-up of 3 years among 359 patients with cirrhosis at or during followup, a higher proportion of diabetics compared to nondiabetics developed HCC (22% vs. 5%, respectively) with a higher cumulative probability of developing HCC (27% vs. 10%; log rank p50.045, Fig. 4 ). Etiology specific analyses were also performed. Among ALD patients, the cumulative development of cirrhosis and HCC for diabetics and nondiabetics was 97% vs. 87%, p50.023 and 13% vs. 6%, p50.08. Similar figures were found for NAFLD patients, 64% vs. 36%, p,0.0001 and 4.5% vs. 1.5%, p50.38 respectively.
Development of liver disease complications
Over a median follow-up period of 3 years among patients without liver disease complications at or within 30 days of disease onset, diabetics relative to nondiabetics tended to develop more frequently hepatic encephalopathy (30% vs. 9%, respectively) with a higher cumulative probability (39% vs. 55%, respectively; log rank p50.053). However, probabilities of developing ascites and variceal bleeding were similar between diabetics and nondiabetics (52% vs. 42%; p50.3 and 23% vs. 16%, p50.47, respectively). Etiology specific analyses for cumulative development of hepatic encephalopathy was higher among diabetics with NAFLD than nondiabetics (35% vs. 15%, p50.0006). There was a trend suggesting diabetics with ALD were at greater risk than nondiabetics for developing hepatic encephalopathy (35% vs. 28%, p50.43).
Overall survival
In total, 31 of 480 (6%) patients in the study population died, and 17 of these were nondiabetics. There was no difference in probability of survival between patients with and without DM over a median follow-up period of 3.2 and 4 years, respectively (85% vs. 83%, respectively; p50.81).
Discussion
Our analysis of patients with steatohepatitis-related liver disease revealed: a) different baseline characteristics and similar histological findings of patients with or without DM; b) diabetes is a risk factor for the development of cirrhosis and HCC; and c) diabetics relative to nondiabetics are more likely to develop cirrhosis and HCC. Baseline differences between diabetics and nondiabetics were likely due to a higher proportion of NAFLD patients in the diabetic group. Many studies have reported NAFLD patients to Fig. 4 . Cumulative probability of developing hepatocellular carcinoma (HCC) in diabetics and nondiabetics in patients with alcoholic liver or non-alcoholic fatty liver diseases. Results show that the probability of developing HCC is higher among diabetics.
be older females with a higher likelihood of exhibiting components of metabolic syndrome. 4, 5, 34 Histological findings on liver biopsy were similar between diabetics and nondiabetics. Furthermore, the proportion of patients with advanced fibrosis or cirrhosis on liver biopsy was similarly stratified for DM. These results were likely due to selection bias due to the performance of liver biopsy, as the proportion of patients with cirrhosis at first contact and follow-up remained higher among diabetics relative to nondiabetics. 35, 36 In one study of 46 NAFLD patients (17 with type 2 diabetes), markers of insulin resistance correlated independently with the degree of hepatic inflammation and fibrosis. 37 In another study on NASH patients; older age, obesity and DM predicted severe liver fibrosis on biopsy. A higher proportion of NAFLD patients in the diabetes group than the nondiabetes group and the selection bias for performing liver biopsy may explain the differences between these two patient groups found in our retrospective analysis.
Many studies have shown that type DM is a predictor of fibrosis, accelerated fibrosis progression, and increased liverrelated mortality. [9] [10] [11] [12] [13] [14] Similarly, studies have observed DM to be a risk factor for the development of HCC in patients with cirrhosis. 20, [38] [39] [40] Our study findings are consistent with these reports and demonstrated that DM is a predictor for cirrhosis and/or HCC irrespective of the etiology of steatohepatitisrelated liver disease. In one study, the synergistic effects of alcohol abuse and DM on the development of HCC was shown, suggesting that heavy alcohol consumption may exacerbate the effect of DM on the development of cirrhosis and HCC. 39 The mechanisms underlying DM mediated acceleration of liver disease progression in patients with steatohepatitis remain unclear. It has been speculated that release of free fatty acids from adipose tissue due to insulin resistance in DM accumulate within hepatocytes. Insulin resistance also mediates release of cytokines, such as leptin and tumor necrosis factor-alpha, which in turn mediate activation of inflammatory pathways 41 and mitochondrial oxidative stress within the hepatocytes. 42 Furthermore, adiponectin, an anti-inflammatory cytokine produced by adipose tissue, is decreased in states of insulin resistance. 43, 44 Local inflammation and circulating adipokines stimulate stellate cells to produce collagen, connective tissue growth factor, and extracellular matrix, ultimately resulting in fibrosis. 45 Risk of HCC has been shown to be modulated by antidiabetic medications. Insulin use was associated with increased risk and use of oral drugs, including metformin and thiazolidinediones, was linked with decreased risk. 46, 47 In the current study, the lack of details on diabetic medications limited analysis on the impact antidiabetic medications have on the risk of cirrhosis and HCC.
We found that diabetics with ALD or NAFLD related liver disease had an increased likelihood of developing encephalopathy without an increase in risk for ascites or variceal bleeding. Similar findings were reported in another study on patients with decompensated cirrhosis. In this study, diabetics relative to nondiabetics had a higher prevalence and severity of hepatic encephalopathy. There were no significant differences between the two groups, however, in terms of Child-Pugh class, MELD scores, or the presence of ascites and esophageal varices. 48 In the future, mechanistic studies should be performed to identify pathways mediating this effect of diabetes on the development of hepatic encephalopathy among patients with cirrhosis. Interestingly, in spite of the increased risk for developing cirrhosis and HCC in diabetics, the overall survival was similar to nondiabetics. In another study that evaluated patients with compensated liver cirrhosis, diabetes was associated with a significant increase in mortality. 49 This discrepancy with our data may be due to the relatively short follow-up period (median around 3 years) in our study.
The advantages of the current study include its large cohort and the well-characterized study population of steatohepatitis-related liver disease patients. Limitations include its retrospective design, patient population from a single center, and lack of details on alcohol use, control of NAFLD risk factors (including diabetes and weight), and antidiabetic medications. Prospective studies with a larger sample size and longer follow-up period are suggested in order to examine: 1) the role of antidiabetic medications on the development of cirrhosis and its complications in patients with steatohepatitis-related liver disease; 2) the effect of diabetes on clinical end points, including overall survival and transplantation, and 3) the benefit of more aggressive HCC screening in diabetics with steatohepatitis-related liver disease.
Conclusions
Diabetes is a risk factor for the development of cirrhosis and HCC in the natural history of ALD and NAFLD. Our study findings are of clinical relevance and demonstrate the need for a) better management and control of diabetes and b) more rigorous screening and surveillance of HCC among patients with steatohepatitis-related liver disease.
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